552nd MEETING, GALWAY 1311 chromatographic media for this enzyme.. The observation that the binding of glucokinase to the agaross-glucosamine derivative was unaffected by ATP and to the agarose-ADP conjugates was unaffected by glucose is consistent with a kinetic mechanism in which the binding of glucose and ATP to the enzyme are random and independent.
Substrate inhibition of lactate dehydrogenase by high concentrations of pyruvate is attributed to binding of pyruvate to the enzyme-NAD+ complex to form a dead-end enzyme-NAD+-pyruvate complex (Fig. 1 ). This is known as an abortive complex because no catalysed electron transfer takes place between NAD+ and pyruvate (Everse et al., 1971) . The H-type isoenzyme shows a much greater tendency than the M-type to form the abortive complex and Kaplan and co-workers have proposed that this differential inhibition by excess of pyruvate constitutes a key distinction fitting the two isoenzymic forms for different physiological roles (Kaplan et al., 1968; Everse & Kaplan, 1973) . Although this hypothesis has received widespread acceptance we find the logic somewhat difficult to follow and we find it difficult to believe that the activity of the Htype isoenzyme could be effectively controlled by the pyruvate concentration as suggested by Kaplan and co-workers. Other objections have been raised to Kaplan's hypothesis (Wuntch et al., 1969; Stambaugh & Post, 1966 
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In the considerable discussion on this topic the observation made by Fritz (1965 Fritz ( ,1967 , that oxaloacetate at low concentrations (e.g. 2 0 0~~) inhibits the H-type isoenzyme differentially, has been largely overlooked. We have confirmed this observation and we have now shown, by affinity chromatographic and kinetic studies, that oxaloacetate inhibits the enzyme by forming a dead-end complex with the enzyme-NAD+ complex (rather than with the enzyme-NADH complex as originally anticipated). The affinitychromatographic studies suggest that the binding of oxaloacetate to the enzyme-NAD+ complex is closely analogous to the formation of the abortive enzyme-NAD+-pyruvate complex. We suggest that the differential abortive complex formation by the isoenzymes and the differential oxaloacetate inhibition are closely related phenomena caused by the same specialized feature of the active site of the H-type isoenzyme. Of the two phenomena (inhibition by oxaloacetate and by excess of pyruvate) the oxaloacetate inhibition seems to us the more likely to be physiologically significant, and it seems possible that the pyruvate inhibition is an incidental and non-functional consequence of this phenomenon.
The affinity-chromatographic system of O'Carra &Barry (1972,1974) was used. The affinity gels were prepared by the modified coupling procedure of O'Carra et al.
(1974).
This system is based on immobilized oxamate, a pyruvate analogue, which, owing to the compulsory order of substrate binding, binds lactate dehydrogenase only in the presence of the adenine dinucleotide (O'Carra &Barry, 1972). The immobilized pyruvate analogue binds both the H and M isoenzymes strongly in the presence of NADH and preferentially binds the H form (although comparatively weakly) in the presence of NAD+, consistent with the abortive complex formation by this isoenzyme. KCI ( 0 . 5~) was included in the irrigating buffer to minimize troublesome non-biospecific interactions. The chromatography was performed at 16°C.
In the continuing presence of NADH the enzyme remained strongly adsorbed to the immobilized ligand when oxaloacetate was added to the irrigating buffer in relatively high concentrations (e.g. lorn). Pyruvate analogues (such as soluble oxamate) added to the buffer at much lower concentrations (1 mM) in the continuing presence of NADH displaced the enzyme. It thus seems that oxaloacetate does not compete with the immobilized pyruvate analogue for the enzyme-NADH binary complex. On the other hand the H4 isoenzyme, when adsorbed in the presence of NAD+, was readily displaced from the gel by oxaloacetate (1 m) added to the buffer in the continuing presence of NAD+.
This indicates that oxaloacetate binds to the enzyme-NAD+ complex and that this binding is competitive with respect to the immobilized pyruvate analogue.
The results of kinetic studies support this interpretation. Affinity chromatography has been used to purify adenosine deaminase from calf thymus to apparent homogeneity. This enzyme is characterized by a peculiar instability when incubated at room temperature in neutral solution ; however, adenosine deaminase from other sources is generally remarkably stable. Since the properties of the enzyme purified from calf and chicken duodena, calf spleen, etc. by our general method of affinity chromatography (Rossi er ul., 1974) parallel those of the enzyme preparations obtained by traditional methods, we decided to investigate the molecular features of calf thymus adenosine deaminase.
For preparation of the selective enzyme adsorbent 9-(p-aminobenzyl)adenine was used. This compound is an ideal ligand because it is a strong competitive inhibitor of adenosine deaminase of thymus (KL 3 p~) .
It was synthesized by direct alkylation of adenine with p-nitrobenzyl bromide (Giovanninetti et al., 1974) followed by catalytic reduction of 9-(p-nitrobenzyl)adenine (Rossi et al., 1974) .
The adsorbent was synthesized by coupling 9-(p-aminobenzyl)adenine to CNBractivated Sepharose but the free amino group of the inhibitor was not coupled directly to agarose; because of the possibility that these ligands might lie too close in space to the gel matrix to interact with the enzyme, side chains terminating in free carboxylate groups were attached to agarose by the use of 3,3'-diaminodipropylamine and succinic anhydride as described by Cuatrecasas (1970) . Coupling of the inhibitor to the resin was obtained in the presence of a water-soluble carbodi-imide, as previously described (Rossi et al., 1974) . Adenosine deaminase is selectively retained by this resin when crude extracts are chromatographed on it.
The crude enzyme extract used was prepared as follows. The supernatant (14000g) from fresh calf thymus homogenized in ice-cold buffer at pH7.0 (50m~-phosphate) was adjusted to pH4.7 with 0.1 M-HCI and the precipitate was removed by centrifugation (14000g). This supernatant was neutralized with 0.1 M-NaOH, and dialysed overnight against the extraction buffer in the cold.
Adenosine deaminase activity was measured spectrophotometrically by following the decrease in absorbance at 265nm resulting from the conversion of adenosine or 2'-deoxyadenosine into inosine or 2'-deoxyinosine in 0.1 M-sodium phosphate buffer, pH 7.0. The hydrolysis of 6-chloropurine riboside was measured by following the increase in absorbance at 255nm. The unit of activity is the amount of enzyme which will deaminate 1 pmol of adenosine/min at 37°C.
After adsorption of the enzyme the column can be washed extensively with the extraction buffer. Quantitative elution of the enzyme is achieved by Im~-guanylurea (a competitive inhibitor) in 0.1 M-phosphate buffer, pH7.8.
This enzyme preparation has a specific activity of 400 units/mg (37°C) and is homogeneous as shown by analytical gel electrophoresis and sucrose-density-gradient centrifugation. The molecular weight, determined by comparative elution from Sephadex gels, ranges from 39000 to 41000. The pH optimum is equal to 7 and the K,,, values for adenosine, 2'-deoxyadenosine and 6-chloropurine riboside are 22, 4 and 3 1 O p~ respectively. Purine riboside behaves as a competitive inhibitor (K, 5pM).
